Abstract Background: As epidemiological studies have become more complex, demands for short, easily administered measures of risk factors have increased. This study investigates whether such a measure of physical activity is associated with the risk of death from all causes and death from specific causes. Methods: A prospective follow-up study of 11 090 men and women, aged 35-64 years, recruited from five UK general practices who responded to a postal questionnaire in 1989. Self-reported frequency of vigorous-intensity physical activity and data on confounding factors were collected at baseline survey. Death notifications up to 31 December 2001 were provided by the Office for National Statistics. The relative risk (and 95% confidence interval) of dying associated with each level of exposure to physical activity was estimated by the hazard ratio in a series of Cox regression models. Results: After .10 years' follow-up there were 825 deaths among the 10 522 subjects with no previous history of angina or myocardial infarction. Participation in vigorous exercise was associated with a significantly lower risk of all-cause mortality. Similar associations were found for ischaemic heart disease and cancer mortality, although the relationships were not significant at the 5% level. Conclusions: Simple measures of self-reported vigorous physical activity are associated with the risk of future mortality, at least all-cause mortality in a somewhat selected group. Interpretation of the finding should be treated with caution due to the reliance on self-report and the possibility that residual confounding may underlie the associations. Because moderate-intensity physical activity is also beneficial to health, short physical activity questionnaires should include measures of such physical activity in the future.
There is now a wealth of evidence linking physical inactivity to all-cause mortality and disease-specific mortality including ischaemic heart disease (IHD) and cancer 1 . Although physical inactivity represents a serious threat to health, few adults engage in health-protecting levels of physical activity. Just 37% of men and 25% of women are exercising at either of the current recommended levels, i.e. either 30 min of moderate-intensity physical activity on most -preferably all -days of the week, or 20 min of vigorous-intensity physical activity on at least 3 days of the week 2 . As more is understood about risk factors for various chronic diseases, epidemiological studies have become more complex, resulting in lengthy questionnaires for data collection. Therefore, there is demand for short, easily administered measures of risk factors. This study investigates whether such a measure of vigorous-intensity physical activity is associated with the risk of death from all causes and death from specific causes. To do this, analysis was undertaken of a prospective study of over 11 000 participants, in a British primary care setting, with more than 10 years' follow-up to 2001.
Methods

Subjects
All participants who provided baseline data for the OXCHECK trial made up the study population. The OXCHECK trial was a randomised controlled trial of nurse health checks in primary care, details of which have been described elsewhere 3 . Briefly, in 1989, questionnaires were posted to all 17 965 patients registered with five urban practices around Luton and Dunstable (Bedfordshire, UK) who were aged 35 -64 years on 1 January 1989. Of these, 338 were ineligible to participate and 3810 were subsequently found to have died or no longer lived at the address recorded by their registered practice. Following three mailings, 11 090 patients returned baseline questionnaires, of whom 8109 subsequently participated in the OXCHECK trial. Data are presented for 10 522 participants without a history of chest pain who completed baseline questionnaires as well as 7704 of those participants, without a history of chest pain, who attended a health check with a nurse as part of the OXCHECK trial.
Measures
Data were collected via self-completion questionnaire and provided information on occupation, education, self-rated health, smoking, alcohol consumption and diet. Social class was assigned according to the Occupational Classifications of the Office of Population Censuses and Surveys 4 . In addition, respondents completed a series of validated questions to identify those with angina or a past possible myocardial infarction (n ¼ 568). Participants were asked about the frequency of participation in vigorous sports or recreational activities that made them out of breath, such as jogging, aerobics, football, tennis, etc. The baseline and supplementary (interview) questions on physical activity are shown in the Appendix. The nature of the questions on physical activity in the baseline questionnaire made deriving suitable categories for analysis difficult. Too few participants reported vigorous exercise more than three times a week to produce meaningful analysis and as a consequence it was necessary to collapse the four categories. It was felt that participants who exercised two or three times per week would most likely assign themselves to the third category and those doing vigorous exercise once per week would assign themselves to the second category. Therefore three categories were derived: (1) never/,1 time per month; (2) , 2 times per week; (3) $ 2 times per week.
The subset of 7704 participants who attended a nurse health check were asked supplementary questions about the frequency of participation in vigorous exercise. Respondent's height and weight were elicited, allowing body mass index (BMI) to be derived by dividing the weight in kilograms by the square of their height in metres.
Follow-up
All respondents to the 1989 postal survey were 'flagged' with the Office for National Statistics National Health Service Central Register (ONS NHSCR) for continuous follow-up for mortality, underlying cause of death coding according to the International Classification of Diseases (ICD) editions in force (9 and now 10) and cancer incidence. For the analyses in this paper, deaths were assigned to mutually exclusive categories, namely IHD (ICD-9 codes 410.0 -414.9) and all neoplasms (ICD-9 codes 140.0 -239.9).
Analysis
The relative risk (and 95% confidence interval) of dying associated with each level of exposure to physical activity was estimated by the hazard ratio in a series of Cox regression models. Relative risks were separately estimated for all-cause mortality, IHD mortality and mortality from any cancer. The person-time contribution of each participant was calculated from the date of return of the questionnaire until the date of death, or until 31 December 2001 for surviving participants.
Physical activity exposure was analysed as a categorical variable with data for frequency of participation in vigorous physical activity grouped as 'never/, 1 time per month', ' , 2 times per week' and ' $ 2 times per week'.
Physical activity exposure for the 7704 health check attendees was categorised into slightly different categories: ' , 1 time per month', '1 -3 times per month', '1 time per week' and ' $ 2 times per week'.
Participants with a prior history of angina or myocardial infarction may have modified their physical activity prior to baseline data collection and were therefore excluded from physical activity analyses. The remaining 10 522 participants reported no previous episodes of chest pain. Confounding was controlled for through the inclusion of design variables in multivariate Cox regression analyses. All analyses were conducted in PROC PHREG of SAS version 6.12 (SAS Institute, Cary, NC, USA, 1996).
Results
Crude relative risks of the baseline distributions of nonphysical activity exposures are presented in Table 1 . Age at entry, current smoking status, the presence of longstanding illness and low social class were all strong predictors of future mortality. Although a greater BMI appeared to increase the risk of IHD death, the elevation in risk was not significant at the 5% level. Females had a significantly lower risk of future mortality from all causes and IHD compared with males, while the difference in cancer mortality was not significant. Those participants in the postal survey who subsequently attended for a health check in the OXCHECK trial had a significantly reduced risk of future mortality compared with those who did not. Light alcohol intake (, 21 units per week for males and ,16 units for females) was associated with a significant reduction in risk of future mortality compared with abstaining from alcohol. Participants with higher alcohol intakes did not have a significantly lower risk of future mortality compared with participants who abstained.
For those participants with no history of chest pain at the time of completing the postal questionnaire, the adjusted relative risks of death associated with different self-reported physical activity levels are presented in Table 2 . Participation in vigorous exercise was associated with a significantly lower risk of all-cause mortality and the same relationship was apparent for IHD and cancer Table 2 Relative risk (RR) (and 95% confidence interval) of mortality from all causes, ischaemic heart disease (IHD) and cancer, associated with frequency of participation in vigorous physical activity as reported in the postal questionnaire, after adjustment for potential confounding factors (n ¼ mortality, although the relationship was not significant at the 5% level. Following adjustment for potential confounders, only the reduction in risk of all-cause mortality associated with participation in vigorous physical activity less than twice per week remained significant. Table 3 shows the relationship between subsequent mortality and frequency of participation in physical activity as reported at the nurse health check. Participants who reported exercising vigorously at least once per week were at significantly lower risk of mortality from all causes compared with those engaging in this type of activity less than once per month. There was a similar pattern between frequency of vigorous physical activity and IHD and cancer mortality, although only exercising vigorously at least twice per week was associated with a significant reduction in risk of cancer mortality.
Discussion
The results of this study indicate that responses to simple questions regarding the frequency of participation in vigorous-intensity physical activity are associated with the risk of future mortality. Simple dietary questions have also been shown to predict mortality 5 . Respondents to the postal questionnaire who reported engaging in vigorousintensity physical activity less than twice per week experienced a 37% reduced risk of all-cause mortality compared with respondents who reported a lower frequency of vigorous physical activity. Similar, but not statistically significant reductions in risk were observed for IHD and cancer mortality. Those who reported a symptom history suggestive of IHD at baseline were excluded from these analyses. Stronger relationships were found between selfreported physical activity and subsequent mortality for the further selected subset of participants who attended a nurse health check. We have previously shown that attendance at a health check was lower among people who rarely attended the surgery and among those who reported more risky health behaviours 6 , but the comparisons reported in Table 3 are limited to those people who attended a health check and so are unaffected by the selection of the cohort. Those participants who reported one occasion of vigorous-intensity physical activity per week experienced 47% lower all-cause mortality risk compared with participants who reported such activity less than once per month. Participants reporting more than one occasion per week of such activity had a similar reduction in risk (48%). Only those participants who reported at least two occasions of vigorous exercise per week experienced a significant reduction in risk from cancer mortality, compared with those exercising at this intensity less than once per month. No statistically significant relationships were observed between selfreported exercise and IHD mortality, although it appeared to be lower in those exercising once per week or more. Table 2 shows an apparent U-shaped curve for mortality in those reporting the greatest frequency of vigorous exercise. This observation has been reported in other cohort studies in the UK and USA 7, 8 . These observations suggest that there may be an upper threshold for benefit from physical activity. A literature review of 44 studies reporting the dose -response in physical activity and allcause mortality only found five studies reporting a threshold effect, while the others reported a doseresponse relationship 9 . In the study reported here, the categories of physical activity considered represent less activity than many of the studies included in the review. In the review, typically, the category next to the referent group represented physical activity equivalent to 1000 kcal week 21 or approximately 3-5 exercise occasions per Table 3 Relative risk (RR) (and 95% confidence interval) of mortality from all causes, ischaemic heart disease (IHD) and cancer, associated with frequency of participation in vigorous physical activity as reported at interview, after adjustment for potential confounding factors in participants attending a health check (n ¼ 7704) Other studies have also found a protective effect with doses of exercise as low as once a week 7 . The inconsistent findings of these studies mean, therefore, that the question of an upper threshold remains unresolved.
Physical activity is difficult to measure with a high degree of precision, particularly the intensity of physical activity 10 . Therefore, it is possible the observations in Table 2 represent misclassification of physical activity. The physical activity questionnaire used in this study had not been validated. One problem is that it asked respondents to report their frequency of participation in vigorousintensity physical activity, using guidance indicating that vigorous meant activities that made them out of breath and by giving examples of activities such as 'jogging, aerobics, football, tennis, etc.' There is a risk of overreporting using this approach as opposed to an approach where respondents simply report all activity and intensity is assigned at the coding stage using published tables 11, 12 . Any resulting misclassification will be random and unrelated to mortality as physical activity was assessed prospectively. This would tend to attenuate the true relationship between physical activity and mortality.
It is also possible that residual confounding has affected the observed associations between physical activity and mortality, although many of the known confounders were controlled for.
Conclusion
When this questionnaire was designed, physical activity recommendations advocated vigorous-intensity physical activity for 20 min on at least 3 days of the week 13 . Since then the recommendations have been updated to include a recommendation for 30 min of moderate-intensity physical activity on most -preferably all -days of the week 14, 15 . The newer recommendations recognise that significant health benefits can be obtained with more frequent but lower-intensity patterns of physical activity. Future questionnaires, however short, will need to be able to capture physical activity of this nature.
This study provides some evidence that simple measures of physical activity can predict future mortality, at least all-cause mortality in a somewhat selected group. These observed associations between physical activity and mortality are congruent with those of many other observational studies. Nevertheless, the population of the UK, along with that of other Western countries, continues to have a high prevalence of physical inactivity 2,16 -18 . There is a public health imperative to find effective ways of encouraging physical activity.
